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OPERATION SUPPORTING APPARATUS 

This application is the national phase under 35 U.S.C. 
§372. of PCT International Application No. PCT/JP01/ 
04464 Which has an International ?ling date of May 28, 
2001, Which designated the United States of America. 

TECHNICAL FIELD 

This invention relates to a driving support apparatus in 
Which, When a facility selected by a driver has appeared 
Within a range of a predetermined distance in front of, and 
in the left or right direction of, his/her oWn vehicle position, 
the direction of, and the distance to, the facility are informed 
by the movement of an image of a stereophonic or three 
dimensional sound. 

BACKGROUND ART 

In the case of a vehicle-mounted navigation apparatus, it 
is possible to display facilities standing around one’s oWn 
vehicle on a map irrespective of Whether navigation is being 
done or not. In addition, the facilities are displayable for 
each genre covering from a public facility to a gas station, 
each being often represented by a symbolic icon. 

Depending on the place and genre, a many facilities are, 
hoWever, aggregated densely and icons are displayed 
overlapped, With the result that the driver can hardly rec 
ogniZe them. The same things Will be occurred depending on 
the scale of the selected map. It falls under the case Where 
the facilities such as eating houses, or the like, are selected. 
In such a case, the driver unconsciously must stare at the 
display screen for recognition, Which hinders the safety 
driving. 

This invention has been made in order to solve the above 
problems and has an object of providing a driving support 
apparatus Which informs the driver of a direction of, and the 
distance to, the facility by means of a stereophonic or three 
dimensional sound. 

DISCLOSURE OF INVENTION 

The driving support apparatus according to this invention 
includes facility judging means for judging a location, from 
a current position, of a facility selected in advance, based on 
the current position and map data; guidance synchroniZing 
means for giving voice guidance by generating voice data 
When a result of judgement by the facility judging means 
contains a voice request; voice guidance means for calling 
stereophonic or three dimensional sound ?eld generation 
based on the voice guidance generated by the guidance 
synchroniZing means; stereophonic or three dimensional 
signal processing means for outputting a volume signal 
based on a call of voice guidance from the voice guidance 
means after converting the volume signal to a stereophonic 
or three dimensional sound ?eld signal; and at least respec 
tively tWo speakers for generating stereophonic or three 
dimensional sound ?eld reproduction space corresponding 
to left and right outer ears of a listener upon receipt of the 
stereophonic or three dimensional sound ?eld signal. 

According to this arrangement, it is possible to inform the 
listener of the distance from the current position to, and the 
direction of, the facility that has been selected in advance by 
the movement of the image of the stereophonic or three 
dimensional sound. The listener is thus able to keep on 
driving While looking ahead Without turning his/her eyes 
onto the map on the display. This facilitates the con?rmation 
of the facility and contributes to the safety driving. 
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2 
The facility judging means of the driving support appa 

ratus according to this invention includes current position 
estimating means for estimating the current position; facility 
information extracting means for reading facility informa 
tion selected in advance from data base having stored therein 
facility information; and leading means for searching a route 
from the current position to the facility by inputting the 
current position, the map data and the selected facility 
information. 

According to this arrangement, if the facility standing on 
one of the left lane and the right lane depending on the 
running lane, e.g., on the left lane in Japan, is exclusively 
selected, it is not necessary to make a U-turn or a right-turn 
if the guidance is made on the facility that is being looked 
for, Which ensures the safety driving. This is particularly 
effective on a road having a median strip or a plurality of 
lanes. 

The driving support apparatus according to this invention 
further includes painting means for painting on display 
means based on a paint request from the guidance synchro 
niZing means. 

According to this arrangement, it becomes possible to 
display the facility that has been selected in advance on the 
route searching of the map. Together With the voice 
indication, this facilitates the con?rmation of the location of 
the facility. 

In the driving support apparatus according to this inven 
tion the voice guidance means includes a volume pro?le for 
outputting a volume corresponding to the voice data. 

According to this arrangement, the stereophonic or three 
dimensional signal processing means can input a volume 
corresponding to the voice data, thereby facilitating the 
signal conversion processing. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic vieW shoWing the state of arrange 
ment of speakers to reproduce the stereophonic or three 
dimensional sound. 

FIG. 2 is a block diagram shoWing a con?guration of a 
driving support apparatus according to a ?rst embodiment. 

FIG. 3 is a How chart explaining the operation of leading 
means. 

FIG. 4 is a How chart explaining the operation of guidance 
synchroniZing means. 

FIG. 5 is a How chart explaining the operation of voice 
guidance means. 

FIG. 6 is a How chart explaining the operation of a 
stereophonic or three dimensional signal processing means. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

In order to explain this invention in more detail, a 
description Will noW be made about the best mode for 
carrying out this invention With reference to the accompa 
nying draWings. 
First Embodiment 

FIG. 1 is a schematic draWing shoWing an arrangement of 
speakers in a driving support apparatus in the ?rst embodi 
ment. Here, let us suppose three speakers 3L1, 3L2, 3L3 and 
3R1, 3R2, 3R3 to be respectively disposed near each of the 
ears 2L, 2R of a listener 1 and the sound ?elds near the 
external ears to be stereophonic or three dimensional sound 
?elds by means of signals supplied to each of the speakers. 

In FIG. 1, three speakers 3L1, 3L2, 3L3 and 3R1, 3R2, 
3R3 are respectively disposed for each of the left external 
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ear and the right external ear. The reason Why this kind of 
arrangement is preferable is given below. In this case the 
control points (points in the space at Which a target state of 
sound Waves is reproduced) are three points near the respec 
tive external ears. 
First Reason 

It is possible to produce at the control points the same 
sound pressure as in the case of the original sound ?eld. In 
order to realiZe it, a transfer function (an impulse response 
as represented by a time domain) is required from the 
speakers 3L1, 3L2, 3L3 and 3R1, 3R2, 3R3 to the control 
points. 

The shorter the time of this transfer function becomes, the 
smaller the scale of the hardWare for the signal processing 
becomes. Therefore, the arrangement of the speakers should 
be selected so as to shorten the time as much as possible. In 
an ordinary room or a vehicle compartment, it has a ten 
dency that the shorter the distance betWeen the speakers and 
the control points becomes, the shorter the time of the 
transfer function becomes. 

It is because that the more the speakers and the control 
points aWay from each other, the larger the ratio of the 
re?ected sounds, arrived at the control points from all 
directions of the room or the vehicle compartment becomes 
as compared With the direct sounds arrived at the control 
points directly from the speakers. Conversely, in case the 
distance betWeen the speakers and the control points is small 
the ratio of the direct sounds arrived at the control points 
directly from the speakers becomes large as compared With 
the re?ected sounds inside the room. The amplitudes of the 
transfer function Will thus be occupied for the most part by 
the direct sounds, and the amplitude component of the 
re?ected sounds becomes extremely small as compared With 
the direct sounds. For this reason, the time of the transfer 
function can be regarded as the time during Which the direct 
sounds converge. 
Second Reason 

Since the head of the listener is in a space betWeen the 
speakers Which are respectively disposed in the left and 
right, the speakers can be disposed close to his/her external 
ears, thereby reducing the ratio of crosstalk occurred 
betWeen the ears. The closer the right speakers are brought 
to the right ear, the larger the ratio betWeen the sounds 
becomes that directly come into the right ear and the sounds 
that leak to the opposite left ear, thereby decreasing 
crosstalk. 

If the amount of crosstalk occurred betWeen the left and 
right is small, it Will become possible to independently 
perform the signal processing of the left and right sound 
?elds at the time of controlling the sound ?elds O near the 
external ears. The greatest advantage thereof is in that the 
amount of computation is alleviated doWn to 1/2. The signal 
processing performed in the stereophonic or three dimen 
sional sound ?eld reproducing apparatus is proportional to 
the product of the number of the speakers and that of the 
control points. 
NoW, suppose that the number of the speakers is respec 

tively N in the left and the right and that the number of the 
control points is also respectively N in the left and the right. 
In case the amount of crosstalk is small and the left and right 
signal processing can be independently performed, the 
amount of computation is N><N for each ear and 2><(N><N) 
for both the left and right ears. On the other hand, in case the 
amount of crosstalk is large, it is necessary to process the left 
and right signals together, and the amount of computation is 
2N><2N, i.e., 4><(N><N). In case there is no crosstalk, the 
amount of computation goes doWn to 1/2. 
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4 
The driving support apparatus of this invention does not 

necessarily coerce the number of the speakers in the left and 
right to be limited to three, respectively. Theoretically, since 
the control points increase in correspondence With the 
number of the speakers, the larger the number of the 
speakers becomes, the more the original sound ?eld is 
accurately simulated. HoWever, since the amount of signal 
processing is proportional to the second poWer of the 
number of the speakers, the apparatus having an unreason 
ably large number of speakers is not practical considering 
the number of the channels and the capacity of computation 
processing in an ordinary audio device. 
When considered from the vieWpoint of simulation 

accuracy, on the other hand, disposing one speaker on the 
left and right side respectively shoWs little or no difference 
from the conventional headphone system. Therefore, the 
reasonable choice Will be at least tWo speakers or more for 
each ear. This method using tWo speakers for each ear is, 
hoWever, insuf?cient in accuracy because the sound ?eld can 
only be reproduced along the line connecting the tWo control 
points. 

In case three speakers are used for each ear, the sound 
?eld can be reproduced Within the region of a triangle 
formed by connecting the three control points. In this case, 
it is possible to reproduce even the travelling direction of the 
sound Wave inside the region as a result of reproduction of 
the sound pressure at the control points. In order to perceive 
the stereophonic (three dimensional) sound ?eld, it is highly 
important that the travelling direction of the sound Wave is 
reproduced. Considering even the direction of propagation 
of the sound Wave expects to highly accurate reproduction of 
the sound ?eld and the number of the speakers Which does 
not amount to a large scale for practical use Will be respec 
tively three in the left and right, i.e., six in total. This number 
might be said to be the basic level in effectuating this 
invention. 

FIG. 2 is a block diagram shoWing a con?guration of the 
driving support apparatus Which is provided With the speak 
ers devised based on the above-described principle. 

Reference numeral 11 denotes current position estimating 
means Which estimates the current position by receiving a 
signal from a global positioning system (GPS). Reference 
numeral 12 denotes a data base Which stores therein map 
data, data on the shapes of intersections, or the like. Refer 
ence numeral 13 denotes a data base Which stores therein the 
facility information. Reference numeral 14 denotes facility 
information extracting means Which extracts the facility 
information from the data base 13. Reference numeral 15 
denotes leading means Which searches for a route from the 
current position to the facility by inputting the current 
position outputted from the current position estimating 
means 11, the map data read out from the data base 12, and 
the facility information supplied from the facility informa 
tion extracting means 14. Reference numeral 16 denotes 
guidance synchroniZing means Which calls paint and voice 
guidance by making a judgment of a paint request and a 
voice request based on the output of the current position 
estimating means 11 and the leading means 15. Reference 
numeral 17 denotes painting means Which paints on the 
display means 18 based on the call for paint from the 
guidance synchroniZing means 16. Reference numeral 19 
denotes voice guidance means Which outputs a volume 
signal based on the call for voice guidance from the guid 
ance synchroniZing means 16. Reference numeral 20 
denotes stereophonic or three dimensional signal processing 
means Which supplies a stereophonic or three dimensional 
sound ?eld generating signal to the above-described speak 
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ers 3L1, 3L2, 3L3 and 3R1, 3R2, 3R3 based on the output 
from the current position estimating means 11 and the voice 
guidance means 19. The above-described current position 
estimating means 11, the data base 12, the facility informa 
tion data base 13, the facility information extracting means 
14 and the leading means 15 constitute a facility judging 
means. 

The operation of the driving support apparatus of the ?rst 
embodiment Will noW be described. 

FIG. 3 is a How chart explaining the operation of the 
leading means 15. First, When the operation of the leading 
means 15 is started, the current position is obtained from the 
current position estimating means 11 (step ST1). A judge 
ment is made on the navigation point area based on the map 
data Which are read out from the data base 12 (step ST2), and 
on the facility area based on the output signal from the 
facility information extracting means 14 (step ST3). 

Then, a decision is made as to Whether the judgement is 
OK or not (step STS). If yes, the leading data extraction for 
the route searching (step ST4), the facility information 
addition to the searched route (step ST5), the guidance 
information generation (step ST6), and the guidance syn 
chroniZation call (step ST7) are successively performed. 
OtherWise, the operation is ?nished. 

FIG. 4 is a How chart explaining the operation of the 
guidance synchroniZing means 16. When the operation of 
the guidance synchroniZing means 16 is started, the current 
position is obtained from the current position estimating 
means 11 (step ST11), and acquisition of the guidance 
information outputted from the leading means 15 (step T12), 
the judgement of the paint update (step ST13), and the 
judgement of voice guidance (step ST14) are successively 
performed. 

Thereafter, a decision is made as to Whether there is a 
request for paint or not (step ST15). If yes, after making a 
call for paint (step ST16), paint is done on the display means 
18. OtherWise, the process proceeds to a decision as to 
Whether there is a voice request. If YES (step ST17), the 
voice data attribute and content are generated (step ST18) 
and thereafter, a call for voice guidance is made (step ST19). 
OtherWise, the operation is ?nished. 

FIG. 5 is a How chart explaining the operation of the voice 
guidance means 19. When the operation of the voice guid 
ance means 19 is started, volume pro?le is obtained from a 
memory 19a provided in the voice guidance means 19 (step 
ST21). Then, the voice data attribute and content are 
obtained from the guidance synchroniZing means 16 (step 
ST22), and the call is successively made for the stereophonic 
or three dimensional sound ?eld generation at a volume 
corresponding to the voice data attribute and content (step 
ST23), and then the operation is ?nished. 

FIG. 6 is a How chart explaining the operation of the 
stereophonic or three dimensional signal processing means 
20. When the operation of the stereophonic or three dimen 
sional signal processing means 20 is started, the current 
position is obtained from the current position estimating 
means 8 (step ST31). Based on the call of the stereophonic 
or three dimensional sound ?eld from the voice guidance 
means 19, the generation of audio space allocating infor 
mation (step ST32), and subsequently the generation of 
stereophonic or three dimensional voice information (step 
ST33) are performed. This stereophonic or three dimen 
sional voice information is supplied to the speakers 3L1, 
3L2, 3L3 and 3R1, 3R2, 3R3 and an approach is made to the 
facility that has been selected in advance along the searched 
route. 

When it is recogniZed from the map data that the facility 
is Within a predetermined distance, e.g., Within 100 meters, 
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6 
the distance to, and the direction of, the facility are informed 
by the movement of the image of the stereophonic or three 
dimensional sound. 
As described above, according to the ?rst embodiment, 

When one’s oWn vehicle approaches Within a predetermined 
distance of the facility that has been selected in advance, the 
distance to, and the direction of, the facility are informed by 
the movement of the image of the stereophonic or three 
dimensional sound. The driver can therefore keep on driving 
While looking forWard Without turning his/her eyes onto the 
display screen of the display means. This facilitates the 
con?rmation of the facility and also contributes to the safety 
driving. 

In other Words, While one is driving a vehicle, there often 
occurs the necessity that he/she must have a meal or feed the 
vehicle With oil. In such a case, the driver may Wish to select 
the kind of food or to designate such a gas station run by a 
gasoline manufacturer as he/she ordinary uses. Then, such a 
facility is ordinarily represented by a simple icon on the map 
Which is displayed on the display screen of the navigation 
apparatus. HoWever, in order to look at the display screen, 
less attention is likely to be paid to the con?rmation of the 
front of the vehicle. 

According to this ?rst embodiment, it is possible to 
inform the location and the direction of the facility by the 
movement of position of the image in the stereophonic or 
three dimensional sound. Therefore, the driver is freed from 
the action of turning his/her eyes from the front of the 
vehicle to the display screen of the navigation apparatus 
inside the vehicle, Which contributes to the safety driving. 

In addition, if the facility standing along one of the left 
and right lanes depending on the running lane, e.g., only 
along the left lane in Japan, is exclusively selected, there is 
no need of making a U-turn or a right-turn When the facility 
that is being looked for has found, Which contributes to the 
safety driving. This is particularly effective in the road 
having a median strip or a plurality of running lanes. 

Industrial Applicability 

As described above, the driving support apparatus is 
suitable for informing the driver, by the movement of the 
stereophonic or three dimensional image With rich presence, 
of the distance to, and the direction of, a facility Which has 
been selected in advance When the vehicle comes Within a 
predetermined distance of the facility. 
What is claimed is: 
1. A driving support apparatus comprising: 
facility judging means for judging a location, from a 

current position, of a facility selected in advance based 
on the current position and map data; 

guidance synchroniZation means for giving voice guid 
ance by generating voice data When a result of judg 
ment by said facility judging means contains a voice 
request; 

voice guidance means for calling stereophonic or three 
dimensional sound ?eld generation based on the voice 
guidance generated by said guidance synchroniZing 
means; 

stereophonic or three dimensional signal processing 
means for outputting a volume signal based on a call of 
voice guidance from said voice guidance means after 
converting the volume signal to a stereophonic or three 
dimension sound ?eld signal; and 

at least respectively tWo speakers for generating stereo 
phonic or three dimensional sound ?eld reproduction 
space corresponding to left and right outer ears of a 
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listener upon receipt of said stereophonic or three 
dimensional sound ?eld signal, said speakers output 
ting a moving sound corresponding to the directional 
movement of said listener that indicates to said listener 
the direction and location of the facility located Within 
a predetermined distance of the listener. 

2. The driving support apparatus according to claim 1, 
Wherein said facility judging means comprises: 

current position estimating means for estimating the cur 
rent position; 

facility information extracting means for reading facility 
information selected in advance from data base having 
stored therein facility information; and 

leading means for searching a route from the current 
position to the facility by inputting the current position, 
the map data and the selected facility information. 

3. The driving support apparatus according to claim 1, 
further comprising painting means for painting on display 
means based on a paint request from said guidance synchro 
niZing means. 

4. The driving support apparatus according to claim 1, 
Wherein said voice guidance means comprises a volume 
pro?le for outputting a volume corresponding to the voice 
data. 

5. A vehicular navigation system, comprising: 
means for determining the current location of a vehicle 

With respect to the location of a selected facility, and for 
determining When the vehicle is Within a predetermined 
distance of the facility; and 

means for providing sounds to a listener, responsive to 
said determining means, said sound providing means 
including a stereophonic or three dimensional audio 
system having a plurality of speakers surrounding the 
listener; 

Wherein said speakers output moving sound to the listener 
indicating that the vehicle is Within the predetermined 
distance of the facility, and said moving sound corre 
sponding to the directional movement of the vehicle 
With respect to the facility, such that the moving sound 
provides the listener With an audio indication of the 
location of the vehicle With respect to the selected 
facility. 

6. A vehicular navigation system, according to claim 5 
Wherein the moving sound indicates to the listener that the 
selected facility is located either to left or right of the 
vehicle. 

7. A vehicular navigation system, according to claim 6 
Wherein the moving sound indicates to the listener that the 
selected facility is located either to the front or rear of the 
vehicle. 

8. A vehicular navigation system, according to claim 7 
Which further includes means for providing a visual indica 
tion of the location of the selected facility. 

9. A method of operating a vehicular navigation system, 
comprising the steps of: 

determining the current location of a vehicle With respect 
to the location of a selected facility, and determining 
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When the vehicle is Within a predetermined distance of 
the facility; and 

providing sounds to a listener, responsive to said deter 
mining means, said sounds being either stereophonic or 
three dimensional sounds emitted from a plurality of 
speakers surrounding the listener; 

Wherein said sound moves With respect to the listener 
indicating When the vehicle is Within the predetermined 
distance of the facility, and said moving sound corre 
sponding to the directional movement of the vehicle 
With respect to the facility, such that the moving sound 
provides the listener With an audio indication of the 
location of the vehicle With respect to the selected 
facility. 

10. A method, according to claim 5 Wherein the moving 
sound indicates to the listener that the selected facility is 
located either to left or right of the vehicle. 

11. A method, according to claim 6 Wherein the moving 
sound indicates to the listener that the selected facility is 
located either to the front or rear of the vehicle. 

12. Amethod, according to claim 7 Which further includes 
providing a visual indication of the location of the selected 
facility. 

13. A vehicular navigation system, comprising: 
at least one database for storing location information 

including facility location; 
a device for estimating the current location of a vehicle; 
a processor, coupled to the database and the device for 

estimating current locations, for determining the cur 
rent location of a vehicle With respect to the location of 
a selected facility, and for determining When the vehicle 
is Within a predetermined distance of the facility; and 

an audio system for providing sounds to a listener, respon 
sive to said determining means, said audio system 
including a stereophonic or three dimensional speaker 
system having a plurality of speakers surrounding the 
listener; 

Wherein said speakers output moving sound to the listener 
indicating that the vehicle is Within the predetermined 
distance of the facility, and said moving sound corre 
sponding to the directional movement of the vehicle 
With respect to the facility, such that the moving sound 
provides the listener With an audio indication of the 
location of the vehicle With respect to the selected 
facility. 

14. A vehicular navigation system, according to claim 13 
Wherein the moving sound indicates to the listener that the 
selected facility is located either to left or right of the 
vehicle. 

15. A vehicular navigation system, according to claim 14 
Wherein the moving sound indicates to the listener that the 
selected facility is located either to the front or rear of the 
vehicle. 

16. A vehicular navigation system, according to claim 15 
Which further includes a display for providing a visual 
indication of the location of the selected facility. 

* * * * * 


